In acquired immunodeficiency syndrome (AIDS) cases, cytopenias of all major blood cell lines were increasingly recognized in patients with HIV infection. Anemia commonly occurs during HIV infection and has been associated with increased progression to AIDS and decreased survival. The aim of this study was to determine the prevalence of anemia and associated risk factors in adults with HIV-AIDS receiving antiretroviral therapy (ART).
INTRODUCTION
Acquired immune deficiency syndrome (AIDS) is an infectious disease caused by the human immunodeficiency virus (HIV), a retrovirus that attacks and destroys T-helper lymphocytes (CD4 + ), resulting in an immunocompromised condition of the patient. HIV causes a decrease in the body's immunity and increases the incidence of various cognitive impairment and AIDS dementia. (1) HIV-AIDS cases in Indonesia continue to increase and until 2014 the number reached 150 285 cases of HIV, while AIDS cases reached 55 799. The number of HIV cases in Papua reached 16 051 and in Timika regency reached 3 900. (2) Anemia is one of the most common blood abnormalities in persons with HIV disease. Up to 90% of adults can develop anemia during an HIV infection, especially individuals with advanced disease and low CD4 + T-cell count. Persons with anemia have a decreased quality of life that potentially increases the chance of mortality. The incidence of anemia has been found to be strongly associated with the progression of HIV to AIDS. (3, 4) Even among persons initiating antiretroviral therapy, anemia has been demonstrated to be a strong risk factor for disease progression and subsequent death independent of CD4 count and viral load. (5) Several causes of anemia have been described in HIV-positive patients, such as changes in cytokine production with subsequent effect on hematopoiesis, decreased erythropoietin concentration, opportunistic infections agents such as Mycobacterium avium complex and administration of chemotherapeutic agents such as zidovudine and ganciclovir. (6) The more advanced the disease the higher the incidence of anemia and also the morbidity and mortality. Anemia has been proved to be an independent risk factor for death. According to the World Health Organization (WHO) mild to moderate anemia is defined as hemoglobin 8-13 g/dL for men and 8-12 g/dL for women.
Severe anemia is defined as hemoglobin 8 g/ dL. (7) According to a study in sub-Saharan Africa, which has the largest burden of HIV in the world, anemia is common as patients are more likely to be malnourished, have severe immunosuppression, and higher rates of comorbidities (especially tuberculosis and malaria) than those in high-income countries. (8) A study in Iran on the prevalence of anemia and related factors in HIV positive patients showed that among 212 HIV positive patients the proportion of anemia was 71%, with the majority of patients having mild to moderate anemia, while 17 patients (8%) had a positive history of tuberculosis. The investigators found a strong association between anemia and death. (9) A cross sectional study in India showed that proper etiological diagnosis could be reached in 46 patients. Among them the correlation between Hb% and CD4 count was statistically nonsignificant (p=0.074, r=0.47) whereas it was significant between absolute lymphocyte and CD4 counts (p=0.006, r=0.41). (10) The major cause of anemia is impaired erythropoiesis resulting from the release of inflammatory cytokines and decreased production of hematopoietic growth factors, coupled with malabsorption and impaired recycling of iron.
This study aimed to determine the prevalence of anemia and the risk factors associated with the incidence of anemia in HIV patients receiving antiretroviral (ARV) therapy.
METHODS

Research design
An analytic cross sectional study was conducted on HIV/AIDS patients undergoing routine care at Mitra Masyarakat Hospital, Mimika, Papua, from March-May 2015.
Research subjects
The study was conducted by reviewing hospital data of patients who were receiving highly active antiretroviral therapy (HAART) at the HIV clinic of Mimika. The sample size was estimated using a single population formula, 3% level precision (d) with 95% confidence interval. Patients who were pregnant at baseline or during the follow up visits were excluded from the study.
Measurements
A detailed history including sociodemographic characteristics, presenting symptoms, presence of symptoms related to anemia, nutritional history, past medical history, previous and current drug history, caretaker characteristics (including education level and occupation) was assessed with a pretested and standardized questionnaire.
After the interview, a detailed review of the medical records of all subjects was performed, noting such details as concurrent opportunistic infections and WHO clinical staging of HIV disease. Blood samples for determination of hemoglobin level and CD4 + count were collected and processed.
Laboratory analysis
Three mL of venous blood was collected from the median cubital vein of each subject by an experienced laboratory technologist for CD4+ count determination using a Pima analyzer (Alere, Germany) and for hemoglobin determination using a hematology analyzer (Sysmex, Japan).
Anemia was defined based on hematological reference values for anemia for the adult Indonesian population. Accordingly, mild to moderate anemia was defined as a hemoglobin concentration of 8-13 g/dL for men and 8-12 g/dL for women. Severe anemia was defined as hemoglobin 8 g/dL.
The CD4 count was reported as the number of CD4 cells present in 1 mm 3 of blood (cells/ mm 3 ). The classification of CD4 cell counts of <350 cells / mm 3 and 350 cells / mm 3 was based on the WHO recommendation that HIV patients starting ARV therapy should be patients with CD4 <350 cells / mm 3 . (11) 
Statistical analysis
Logistic regression analysis was used to analyze the data, and odds ratio with 95% confidence interval was used to quantify the strength of association between anemia and its potential predictors. A p-value of less than 0.05 was considered significant.
Ethical clearence
This study was conducted after obtaining approval from the ethical commission of the infections, clinical staging and therapy, there was no significant relationship with the occurrence of anemia (p>0.05). The variables that showed a significant association with anemia were BMI (OR: 4.23; 95% CI: 1.28-13.94) and CD4 count (OR: 3.52; 95% CI: 1.31-9.69) ( Table 2) . Table 3 shows the logistic regression model with anemia as the dependent variable and body mass index and numbers of CD4 + cells as independent variable. The results of the analysis showed that the risk of anemia in HIV subjects with low BMI was 4.20 times higher compared to those with normal BMI (OR: 4.10; 95% CI: 1.23-14.36). Subjects with low CD4 + count (<350 cells/mm 3 ) had a 1.03 times higher risk for anemia compared to subjects with CD4 + counts of 350 cells/mm 3 , but the relationship was statistically not significant (OR:1.03; 95% CI: 0.21-5.04).
DISCUSSION
Our study showed that the prevalence of anemia among HIV-infected patients in Timika was 55.6%. This result is in line with another study at Hasan Sadikin hospital as the referral hospital for HIV in West Java, showing that the prevalence of anemia among HIV-infected patients was 49.6%. (12) However, this prevalence is higher than the prevalence of anemia among HIV-infected patients in South Africa of 18.0%. (5) Since hemoglobin measurements are simple and inexpensive, monitoring hemoglobin levels over the first 6 months of ART among patients at high risk of anemia may allow for improved detection of HIV-related anemia.
A cross-sectional study showed that the prevalence of anemia in HIV-AIDS patients is prominent and that the important risk factors for anemia are oral candidiasis and CD4, while BMI and administration of ARV drugs are protective factors. (13) Research in South India reported an anemia prevalence of 22% in patients with CD4 >500 cells / mm3, while the prevalence increased to Table 3 . Factors associated with anemia resulting from multiple logistic regression analysis 60% in patients with CD4 <100 cells/mm3. This study concluded that anemia is associated with severe immune suppression in subjects with HIV infection. (14) In addition, studies in 11 sub-Saharan African countries showed that in HIV-infected women the mean anemia prevalence was 56.7%, with a range between 33 and 2%. (15) Ramezani et al. (16) in Iran found that mild-tomoderate hemoglobin concentrations between 8-14 g/dL was present in 46% of HIV-infected patients, but there was no difference between anemic and non-anemic patients in terms of age, sex, stage of disease, CD4 and antiretroviral treatment.
We also found that low BMI increased the risk of anemia. This result was in line with the results of the study in South Africa showing that low BMI was associated with anemia in HIV subjects. (5) The association between anemia and low BMI is likely to reflect malnutrition, as a number of nutritional deficiencies contribute to anemia. The association of anemia with low BMI is of specific relevance to India, where the rate of chronic malnutrition is among the highest in the world. (17) Interestingly, even individuals with a normal BMI had a two and half times increased odds of anemia as compared to those who were overweight. Low BMI is associated with many nutrient deficiencies including iron, folate and B12 that contribute directly to anemia. The increased risk in anemia among patients with immunosuppresion is in agreement with previous published reports. (18) Our study found that low CD4+ cell count was not a risk factor for anemia in HIV subjects. Another study in Mexico found different results, i.e. that low CD4+ cell count was positively correlated with hemoglobin level in HIV subjects. (19) It was postulated that, apart from immunological status and viral load, other factors might play major roles in the pathogenesis of anemia. Detecting normocytic normochromic morphology as the major type of anemia was in tune with the existing data. Despite conflicting reports worldwide, in a few studies strong correlation has been shown between absolute lymphocyte and CD4 counts. (20) Therefore the absolute lymphocyte count can sometimes be used as a surrogate marker of immunological status in ART naive HIV patients, particularly in resource poor areas.
Being on an AZT containing regimen was also a risk factor for developing anemia. Studies have shown the short-term tolerability related to the use of AZT, in particular the development or worsening of anaemia. (21) Finally, the high prevalence of anemia in patients with CD4 cell counts of <200 cells/μl has implications for the choice of initial HAART regimen in developing countries. Since anemia is an adverse effect of zidovudine (AZT), use of this drug is contraindicated in patients with preexisting anemia. (22) The main limitation of this analysis is its cross sectional design, which precludes definite determination of the temporal relationship between anemia and its associated factors. Also, our database does not capture laboratory findings that could clarify the frequency of anemia due to particular nutrient deficiencies.
Other inflammatory parameters such as Creactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-alpha) should be studied as well in the future.
CONCLUSION
Low BMI increases the risk of anemia in subjects with HIV. Better screening for anemia is the primary need in HIV patients.
